Introduction {#Sec1}
============

Since the first report on an outbreak of a coronavirus disease 2019 (COVID-19) from China in December 2019, the disease has rapidly spread across the globe \[[@CR1]\]; more than 693,000 cases were confirmed including more than 33,100 death (March 31, 2020) \[[@CR2]\]. Although several studies have reported on the clinical and epidemiological characteristics of this disease, clinical course of the most severe cases requiring treatment in intensive care unit (ICU) have been insufficiently reported.

Here, we report a critically ill patient with viremia of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), who developed multiple organ dysfunctions, treated with artificial organ supports including mechanical ventilation, extracorporeal membrane oxygenation (ECMO) and continuous renal replacement therapy (CRRT).

Case presentation {#Sec2}
=================

A 73-year-old man was transferred to the ICU of our hospital for treatment of exacerbating respiratory failure due to COVID-19. His medical history included hypertension and dyslipidemia. While traveling on cruise ship, he experienced sudden sensorineural hearing loss and prednisone 40 mg was initiated. Seven days later, he became febrile and developed dyspnea and cough. Due to the outbreak of COVID-19 on the cruise ship, polymerase chain reaction (PCR) test for SARS-CoV-2 using sputum sample was performed and turned out to be positive. Therefore, he was transferred from the cruise ship to a regional hospital according to the Japanese governmental quarantine policy. His respiratory status persisted without supplemental oxygen until day 4 after admission. Lopinavir/ritonavir was initiated on day 4, since progressive ground glass opacity was detected in follow-up chest CT (Fig. [1](#Fig1){ref-type="fig"}a, Supplemental Figure EI). Supplemental oxygen was started on day 6 with 1 L/min. Oseltamivir, azithromycin and meropenem was added on day 8 in attempt to treat pneumonia causing deterioration of the respiratory function. His respiratory function slowly deteriorated requiring oxygenation with 15 L/min on day 10 and body temperature persisted at 38°, while vital signs including consciousness and hemodynamics were stable. He was intubated and transferred to the ICU in the tertiary university hospital with ECMO specialists on day 10 (ICU day 1), due to deteriorating dyspnea and increasing demand for oxygen supplementation. He was transferred with a ventilator equipped with an anti-viral filter to reduce the risk of spreading infectious aerosol particles, and isolated in a negative pressure chamber in the ICU.Fig. 1Chest CT. **a** Chest CT (day 4). **b** Chest CT (day 10, ICU admission)

Upon ICU admission (day 10 from admission, ICU day 1), atelectasis in the dorsal side of the lung was noted in the chest CT (Fig. [1](#Fig1){ref-type="fig"}b, Supplemental Figure E2 and E3), while no apparent purulent sputum was observed by bronchoscopy, and presented no evidence of bacterial infection in the gram stain and culture. The PaO~2~/FIO~2~ (P/F) ratio was 186 on 10 cm H~2~O positive end-expiratory pressure (PEEP) without other organ dysfunctions (Fig. [2](#Fig2){ref-type="fig"}, Supplemental Table E1). Lopinavir/ritonavir was continued, and interferon beta-1b subcutaneous injection was initiated as anti-viral therapy considering the effect against RNA virus; oseltamivir, azithromycin and meropenem were discontinued. Various organ support therapies were initiated due to progressive organ dysfunctions, i.e. inhalation of nitric oxide for respiratory dysfunction (ICU day 2), noradrenaline for cardiovascular dysfunction (ICU day 3) and continuous renal replacement therapy for renal dysfunction (ICU day 4). PCR tests for SARS-CoV-2 using blood samples were positive (ICU day 5 and 6), indicating viremia. Sustained high blood IL-6 level and sudden exacerbation of respiratory dysfunction on ICU day 7 (P/F ratio 72 on 24 cm H~2~O, airway pressure release ventilation) (Supplemental Figure E4) made initiation of VV-ECMO inevitable to maintain his oxygenation (blood flow, 4 L/min at 2700 rpm by a centrifugal pump \[Rotaflow®, Maquet Getinge, Rastatt, Germany\]; sweep gas flow, 4 L/min; artificial lung \[BIOCUBE 6000®, Nipro, Osaka, Japan\]; drainage cannula \[25Fr. HLS cannula®, Maquet Getinge, Rastatt, Germany\], placed in right atrium through right jugular vein; outflow cannula \[19Fr. HLS cannula®, Maquet Getinge, Rastatt, Germany\] in right femoral vein). Progressive organ dysfunctions presented the worst condition on ICU day 11. Although daily sputum examination proved bacterial infection unlikely, antibacterial agent was switched from cefepime to meropenem to broaden treatment spectrum. On ICU day 10, Chest X-ray presented white-out appearance, indicating complete atelectasis with no detectable tidal volume by ventilator (Supplemental Figure E5), and favipiravir supplied by Japanese government was initiated to replace Lopinavir/ritonavir. The CRRT support allowed adjusting the rigorous water balance and VV-ECMO allowed lung rest which avoid pulmonary damage. On ICU day 13, gradual recovery from complete atelectasis was noted in chest X-ray (Supplemental Figure E6). Despite vigorous supportive care including prone positioning, chest CT on ICU day 53 showed diffuse alveolar damage depicting irreversible change of the lung (Supplemental Figure E7). Further treatments were withheld and the patient deceased on ICU day 59.Fig. 2Clinical course

Discussion {#Sec3}
==========

Here we reported the severe case with viremia of SARS-CoV-2, who admitted to the ICU on Day 10. He presented progressive multiple organ dysfunctions with sustained blood IL-6 level and required various artificial organ support therapies (vasopressor \[ICU day 3\], CRRT \[ICU day 4\], VV-ECMO \[ICU day 7\]). On ICU day 13, gradual recovery initiated.

Excessive humoral mediator activity including inflammatory cytokines were suggested to be a key component of the pathophysiology in severe cases of COVID-19 \[[@CR3]--[@CR5]\]. The present case also presented elevated blood IL-6 levels, which sustained at 142--2667 pg/mL during initial 8 ICU days. High fever persisted with elevated blood IL-6 levels, until temperature management with ECMO. Such exaggerated inflammatory reaction might be induced by high viral load, suggested by sustained viremia confirmed by positive blood PCR tests for SARS-CoV-2 on ICU day 5 and 6, concomitantly with high IL-6 levels. Involvement of viremia has also been reported in a case-series from Wuhan of 41 patients including 13 in the ICU with laboratory-confirmed 2019-nCoV infection, 6 patients (15%) had positive PCR tests for SARS-CoV-2 using blood samples \[[@CR3]\]. However, the highest level of IL-6 on ICU day 8 might reflect the complication of bacterial infection.

Favipiravir, an antiviral drug approved as a stockpile against influenza pandemics in Japan, was distributed as an option for anti-viral therapy against SARS-CoV-2 under government control. The efficacies of antiviral therapies have not been clarified in the clinical course of the patients. However, since the recovery became evident 2 days after favipiravir treatment in the present case, favipiravir may have contributed to the amelioration of the lung lesion. The case was registered in a clinical study of favipiravir, which would provide the efficacy.

Beneficial effects of ECMO for respiratory failure were reported during the influenza A (H1N1) pandemic in 2009 \[[@CR6]\], especially in expert centers with ECMO specialists \[[@CR7], [@CR8]\]. In Japan, a committee of ECMO project was established after the pandemic to promote education of ECMO management and construction of referral network, and has led to an increase in the number of ECMO specialists and better outcomes \[[@CR9]\]. In the present case, the transfer of critical case to the regional ICU with ECMO specialists was well managed by the ECMO network physicians. The implementation of ECMO was performed in the negative pressure isolation room with standard sterile precautions in addition to the full personal protective equipment (PPE) including goggles, N-95 face mask, hood and gown. Poor vision through the goggles and hood, and hot and humid environment induced by full PPE increased the difficulty of ultrasound-guided insertion of the cannula. Briefing of the procedures were essential to achieve the safe and smooth ECMO implementation.

Conclusions {#Sec4}
===========

In the present case, excessive inflammatory cytokines sustained over a week after ICU admission, possibly leading to the exacerbation of the disease. Vigorous organ support therapies were mandatory to allow for survival and recovery from the rapid progression of multiple organ dysfunctions and severe respiratory failure.
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